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(54) Battery-powered industrial vehicle 

(57) A battery-powered fbrldift includes a body 
frame (1a), which includes a battery box (7). The forklift 
includes a seat (10) for a driver and a floor board (1 1) 
located below the seat for supporting the feet of the 

Fig.l 



driver. The battery box is lcx»ted below the floor board. 
The floor board covers part of the battery box. 
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SUMMARY OF THE INVENTION 



[0001 ] The present invention relates to industrial vehi- 
cles such as forklifts having a battery, and more specifi- 
cally, to a battery location. 

[0002] Generally. batteryiDOwered forklifts are divided 
into two types according to the location of the battery. 
As shown in Rgs. 7 and 8, in one type of forWift 60, 
which is mainly used in Japan, part of a battery 61 is 
located above rear wheels 62. Parts of the steering 
mechanism (not shown) are located below the battery 

61. A battery hood 63, which opens and closes, is 
located over the battery 61 . A seat 64 is provided above 
the battery hood 63. 

[0003] As shown in Figs. 9 and 1 0, in a second type of 
forklift 60. which is mainly used in Europe, a battery 61 
is located between the front wheels 65 and rear wheels 

62. The lower part of the battery 61 extends to the vicin- 
ity of a vehicle frame 66. Accordingly, the size of the bat- 
tery 61 of the European-type forklift 60 can be larger 
than that of the Japanese-type forklift 60. Further, the 
center of gravity of the European-type forklift 60 is lower, 
and the European-type forklift 60 is thus more stable 
than the Japanese-type forklift 60. 

[0004] Compared to engine-powered forklifts. the bat- 
tery-powered forklifts have less space in the driver's 
compartment, especially at the feet of the driver, 
because the battery 61 occupies a large space. Further, 
the battery 61, which is a rectangular parallelepiped, 
has substantially the same width as that of the vehicle 
body 66. The upper surface of the battery 61 reaches 
the vicinity of the seat 64. The battery hood 63 has a 
shape substantially corresponding to the shape of the 
battery 61. Therefore, compared to the engine-powered 
forklift. the driver has trouble In getting in and out of the 
driver's compartment 67 due to the corner of the battery 
hood 63. 

[0005] In the Japanese-type tbrkllft 60. the driver's 
room is increased by positioning part of the t)attery 61 
atx)ve the rear wheels 62. However, since the center of 
gravity of the Japanese-type forklift 60 is higher than 
that of the European-type forklift 60, the stability of the 
Japanese-type is lower. 

[0006] On the other hand, the battery 61 of the Euro- 
pean-type forklift 60 is located more forward than that of 
the Japanese-type forklift 60. Therefore, the driver's foot 
room in the European-type is smaller than that of the 
Japanese-type, and a step 68 is relatively small. When 
loading arKJ unloading a truck using the forklift 60. the 
driver must frequently get in and out of the forklift 60. 
The narrow compartmerrt 67 and the small step 68 
inconvenience the driver, and work efficiency is low- 
ered. 



[0007] An objective of the present invention is to pro- 
vide a stable battery-powered industrial vehicle that 

5 facilitates getting in and out of the vehicle. 

[0008] To achieve the above embodiment, the present 
invention provides an industrial vehicle driven by a bat- 
tery. The industrial vehicle includes a body frame having 
a battery box. a seat for a driver, and a floor for support- 

10 ing the driver's feet. The floor Is below the seat, the bat- 
tery box is below the floor, and the floor covers part of 
the battery box. 

[0009] The present invention also includes a forklift 
driven by a battery. The forklift includes a body frame 

15 having a battery box. The battery box has an opening 
that faces upward. The forklift further includes a hood 
for covering a rear portion of the opening, a seat for a 
driver, which Is provided on the hood and a floor board 
for supporting the feet of a driver. The floor board is 

20 located below the seat, the battery box is located below 
the floor board, and the floor board covers a front por- 
tion of the opening. 

[001 0] Oth er aspects and advantages of the invention 
will become apparent from the following description. 
25 taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the Inven- 
tion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[001 1 ] The invention, together with objects and advan- 
tages thereof, may best be understood by reference to 
the following description of the presently preferred 
embodiments together with the accompanying drawings 
35 in which: 

Rg. 1 is a plan view of a forWifl according to a first 
embodiment of the present invention; 

40 Rg. 2 is a schematic plan view showing the location 
of a battery in the forklift of Fig. 1 ; 

Rg. 3 Is a side elevation of the forklift of Fig. 1 ; 

45 Rg. 4 is a perspective view of the forklift of Fig. 1 
when a battery hood is opened; 

Rg. 5 is a plan view of a forklift according to a sec- 
ond embodiment of the present invention: 



55 



Rg. 6 is a plan view of a forklift according to a third 
embodiment of the present invention; 

Fig. 7 is a plan view of a prior art forWift; 

Rg, 8 is a side elevation of the forklift of Fig. 7; 



Rg. 9 is a plan view of another prior art forklift; and 
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Fig. 10 is a side view of the forklift of Fig. 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

5 

[001 2] A first embodiment of the present invention will 
now be described in reference to Figs. 1 -4. As shown in 
Figs. 1 and 3, a pair of masts 2 is attached to the front 
portion of a body frame 1a of a battery-type fbrWift 1. A 
fork 3 is slidably supported by the masts 2 through a lift io 
bracket 3a. The fork 3 moves up and down with the lift 
bracket 3a along the masts 2 by the expansion and con- 
traction of a lift cylinder 4. Four supports 5 are provided 
on the body frame 1a. A head-guard 5a is provide on 
the top end of the supports 5. A driver's compartment 6 is 
is defined in the space surrounded by the supports 5 
and the head-guard 5a. 

[001 3] A battery box 7 for accommodating a battery 1 5 
is provided below the driver's compartment 6. The body 
frame 1a forms the battery box 7 between the front so 
wheels 8 and the rear wheels 9. The battery box 7 is 
lower than the floor board 1 1 that supports the driver's 
legs. Further, the front end of the battery box extends 
forward to a position that corresponds to the front end of 
the floor board 11. The battery 15 in the battery box 7 25 
has substantially the same volume as that in the forklift 
shown in Figs. 7 and 8. 

[0014] As shown in Fig. 1 and 2. the battery box is 
symmetrical about a vertical longitudinal plane and is 
substantially T-shaped. The rear portion of the battery 30 
box 7 has substantially the same width as that of the 
body frame 1 a, and the front portion of the battery box 7 
has a narrower width than that of the rear portion. The 
longitudinal axis of the battery box 7 is preferably verti- 
cally aligned with that of the body frame la. The steps 35 
12 are formed on the narrow portion of the battery box 
7, that is. on the sides of the front portion. As shown In 
Fig. 3, the steps 12 are located below the floor board 11. 
[001 5] The t>attery 1 5 is made of a plurality of battery 
cells 14 held in a case 13. The battery 1 5 is a lead stor- 4o 
age battery. The battery case 13 is formed to corre- 
spond to the shape of the box 7. The number of battery 
cells 14 varies in accordance with the amount of current 
and electric power required by the forklift 1 . The number 
of battery cells 14 in the battery case 13 is enough to 45 
supply the necessary electric current and power. In the 
illustrated embodiment, twenty-four battery cells 14 are 
used. Each battery cell 1 4 produces two volts of electro- 
motive force. Forty-eight volts are produced by serially 
connecting the battery cells 14. As shown in Fig. 2, the so 
battery case 13 includes a main rectangular case 13a, 
which accommodates twenty battery cells, and a pair of ' 
sub cases 13b, each of which accommodates two bat- 
tery cells 1 4. The sub cases 1 3b are welded to the sides 
of the main case 13a as shown in Fig. 2, The battery ss 
case also includes a lifting hole (not shown) for permit- 
ting a lifting cable (not shown) to be attached for lifting 
the battery 15. The lifting hole is located above the 



upper end of the battery box 7 since the upper end of 
the battery case 13 projects slightly higher than the 
upper end of the battery box 7. 

. [001 6] A battery hood 1 6 covers the rear portion of an 
upper opening 7a of the battery box 7, and the front por- 
tion is covered by the floor board 1 1 . The floor board 1 1 
is detachabiy fixed to the body frame la by bolts or 
screws (not shown). When changing the battery 15, 
detaching the floor board 1 1 opens the upper opening 
7a. As shown by the chain line in Fig. 4, both sides of 
the floor board 1 1 are bent downward. 
[0017] The rear portion of the battery hood 16 is piv- 
otally supported on the body frame la through a pair of 
hinges 17 (See Fig. 4). The t>attery hood 16 includes an 
upper wall 16a, which is horizontal when closed, a front 
wall 16b and a pair of side walls 16c. which are con- 
nected to the uppel- wall 16a. A seat 10 is secured on 
the upper wall 16a. 

[0018] The battery hood 16 covers the rear portion of 
the box 7. When the battery hood 16 is closed, the lower 
rim of the front wall 16b abuts on the upper surface of 
the floor board 1 1 . Each of the front corners of the bat- 
tery hood 16. which are virtually aligned with the rear of 
the steps 12, has a large radius of curvature. To make 
the height of the seat 10 substantially the same as that 
of the prior art seat 64 shown in Figs. 8 and 10, the side 
waits 16c of the battery hood 16 extend higher than 
those of the prior art battery hood 63. 
[001 9] An engaging portion (not shown) is provided on 
one of the side walls 16c of the battery hood 16. The 
floor board 11 includes an engaging portion and an 
engageable catch (not shown). When the battery hood 
16 is closed, the engaging portion engages the catch. A 
damper (not shown) is provided between the inner side 
of the battery hood 16 and the body frame la. The 
damper permits the battery hood 16 to t>e opened and 
closed with a small force. 

[0020] As shown in Fig. 2, a motor 18 for driving the 
front wheels 8 is provided In the front of the battery box 

7. The motor 18 drives the front wheels 8 through a dif- 
ferential 19a and other gears (not shown). The rear 
wheels 9 are steered by a hydraulic power steering 
apparatus (not shown), which is provided behind the 
battery 15. Oil tanks 21, which are used for hydraulic 
operation of the forklift 1 and the power steering appa- 
ratus, are provided below the steps 12. Supporting 
members 23, which transfer the force applied by a 
hydraulic tit cylinder 22 to the body frame la, are 
arranged to surround the oil tanks 21 . 

[0021] The operation of the illustrated fbrWift will now 
be described. Since the battery 15 is lower than the 
prior art battery 61 of the forklift 60 shown in Rg. 7 and 

8. the center of gravity of the vehicle body is relatively 
low. Since the battery 15 is located more forward than 
that of the Japanese-type forklift 60. the stability of the 
vehicle body would be reduced if the height of the grav- 
ity center remained the same. However, the effect of 
lowering the center of gravity of the forklift 1 is greater 
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than -hat of moving the gravity center fonward. There- 
fore vehicle is more stable than the prior art models. 
[OO:: As shown in Rg. 3. the battery hood 16 is kept 
closed except when the battery 15 is r^laced or 
checked. When taking out the battery 15. the catch is s 
first released, and the battery hood 16 is released. 
Then, the damper (not shown) urges the battery hood 
16 open, and the battery hood abuts against a rubber 
cushion (not shown) on the support 5. To prevent the 
battery hood 1 6 from closing inadvertently from external io 
pressure, a known lock mechanism (not shown) locks 
the battery hood 16 at the open position. The lock 
mechanism locks the battery hood 16 when the battery 
hood 16 is fully opened. A driver releases the lock 
mechanism when closing the battery hood 16. is 
[0023] Subsequently, the floor board 1 1 covering the 
upper opening 7a is taken off and the upper opening 7a 
is fully opened. In this state, a lifting cable is hooked in 
the lifting hole of the battery case 13, and a crane lifts 
the battery case 13 from the battery box 7 with the 20 
cable. \Afhen the lower end of the battery case 13 is 
raised higher than the upper end of the battery box 7. 
the battery case 13 is moved laterally and is loaded on 
a carrier vehide (not shown). 

[0024] On the other hand, when installing a battery 1 5. 25 
a battery case 14 that contains charged battery cells 1 4 
is placed in the battery box 7 in the reverse order of the 
battery removal. Then, after the floor board 11 is 
returned to its closed position, the battery hood 16 Is 
pivoted to a closed position. Finally, the battery hood 16 30 
is secured by engaging its catch. 
[0025] The present invention has the following advan- 
tages. 

(1) The battery box 7 is located below the floor 35 
board 11. This lowers the center of gravity of the 
vehicle in comparison with the prior art forklift 60 
shown in Figs. 7 and 8. in which the battery 61 is 
located above the rear wheels. Therefore, the fork- 
lift 1 of Figs. 1-4 is relatively more stable. 40 

(2) The floor board 1 1 covers part of the opening of 
the battery box 7. This permits the driver's foot 
room to be increased and facilitates getting in and 
out of the vehicle. 45 

(3) The battery box 7 is located between the front 
wheels 8 and the rear wheels 9. Therefore, the 
position of the battery box 7 is easily lowered. 

so 

(4) The pair of steps 68 is formed to correspond to 
the narrow portion of the battery box 7. Therefore, 
the steps 12 are large and the driver can more eas- 
ily get in and out of the vehicle. 

55 

(5) Generally, the driver gets in and out of the vehi- 
cle from the left side. In this embodiment, the steps 
12 are formed on both sides of the vehicle. There- 



fore, a driver can get in and out of the vehicle on 
either side. 

(6) The battery box 7 is symmetrical, and its longi- 
tudinal axis and that of the vehicle are vertically 
aligned. Therefore, the center of gravity of the bat- 
tery 15 is vertically aligned with the longitudinal axis 

* of the vehicle. If the center of gravity of the battery 
were off center, the forklift would be less stable. 

(7) The front portion of the battery box 7 is narrow, 
and the rear portion is wide. This shifts the center of 
gravity of the battery 15 to the rear as compared to 
a regular rectangular battery box 7 with the same 
volume. Thus, the forklift 1 is more stable. 

(8) The hydraulic oil tanks 21 are located below the 
steps 12. Since the steps 12 are located on both 
sides, the supporting members 23, which transfer 
force applied by the tilt cylinders 22 to the body 
frame la. can be located below the steps 12. 
Accordingly, manufacturing costs are lowered since 
the members for forming the body frame la can be 
thin without losing the required strength. 

(9) The battery hood 1 6 covens part of the ,r?per 
opening 7a of the battery box 7. Therefore, th^i oat- 
tery hood 1 6 can be designed without matching the 
shape of the upper opening 7a. Accordingly, even if 
the battery box is rectangular, the shape of the bat- 
tery hood does not have to be rectangular. Thus, 
the battery hood 16 may be creatively designed. 
Further, the battery hood 16 can be shared with 
other types of fbrklifts such as forkifts with different 
lifting capacities or engine-powered forklifts, which 
lowers costs. 

(10) The comers of the battery hood 16 are curved 
with a large radius of curvature. Accordingly, the 
corners do not obstruct a driver when getting in and 
out of the vehicle. 

(11) Since the side walls 1 6c of the battery hood 1 6 
are high, the volume of the battery hood 16 is large. 
Accordingly, electrical components and auxiliary 
equipment are arranged inside the battery hood 16. 

(12) The distance between the rear end of the bat- 
tery box 7 and the rear support 5 is greater than 
that of the prior art forklift shown in Figs. 7 and 8. 
Therefore, the battery hood 16 can be widely 
opened without interfering with the support 5. 

(13) When the position of the battery 15 is low. the 
same battery hood can be used without changing 
its height by changing the height of the floor board 
1 1 . On the other hand, when the position of the bat- 
tery 15 is high, drastic change of layout is unneces- 
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sary since the height of the floor board 1 1 can be 
decreased. 

[0026] The present invention is not limited to the 
above embodiment but further be embodied as follows. 
[0027] As shown in Fig. 5. a battery box 7, which is 
narrower than the vehicle and regular in shape, may be 
offset to one side (the right side in this embodiment). In 
this case, a step 12 is formed on one side of the vehicle 
(the left side In this embodiment). Five battery cells 14 
can be arranged widthwise and five cells 14 can be 
arranged lengthwise in the battery case 13. thus the 
battery case 13 can accommodate twenty-five battery 
cells in total. However, since only twenty-four battery 
cells are necessary, a space corresponding to the size 
of one battery cell is formed at a corner of the battery 
case 13. The shape and position of the step 12 and the 
structure of the battery hood 16 are the same as those 
of the first embodiment. The hydraulic oil tank is located 
below the step 1 2 and leftward of the battery fc)Ox 7. 
[0028] The embodiment of Fig.S has the advantages 
(1)-(4) and {9)-{13) of the first embodiment. In the 
embodiment of Fig. 5. the battery box 7 is square. 
Accordingly, the battery case 13 is formed with one box, 
and this fadlitates the manufacturing of the battery case 
13. Also, it is easier to balance the battery case when 
raising it. in comparison to the first embodiment. Fur- 
ther, the space on the left side of the battery box 7 and 
the corner space in the battery box 7 can be used for 
other purposes. 

[0029] As shown in Fig. 6, the width of the rear portion 
of the battery box 7 may be substantially the same as 
that of the vehicle, and a step 12 may be formed on one 
side (left side in Fig. 6) of the front portion. In this case, 
the width of the step 12 can be increased. 
[0030] The upper edge of the battery box 7 may be 
located at the same height as that of the step 12, and 
the battery case 13 may extend above the battery box 7 
to a point just below the lower surface of the floor board 
11 . In this embodiment, the upper portion of the battery 
case 1 3 Is covered with the floor board 1 1 and the bat- 
tery hood 16, and part of the side surface of the battery 
case 13 is exposed on both sides of the forklift 1 . In this 
embodiment, when taking out the battery 1 5 from the 
battery box 7, the battery case 13 needs only to be 
raised a little higher than the upper surface of the step 
12 before being moved laterally. Accordingly, the battery 
15 does not interfere with the steering column and 
equipment in the driver's compartment 6 such as an 
instrument panel. This facilitates battery replacement 
[0031 ] When the step 1 2 is formed on only one side of 
the forklift 1 as shown in Figs. 5 and 6, the height of the 
upper edge of the battery box 7 may be lower than that 
of the step 12. In this case, when taking out the battery 
case 13. the k)attery case is less likely to interfere with 
the equipment in the driver's compartment since the 
battery case 13 does not need to be lifted very high 
before it is removed. 



[0032] To avoid unattractive appearance due to expos- 
ing part of the battery 15, a detachable side panel may 
be provided on the side of the forklift 1 to cover the side 
surface of the battery 15. In this case, the side panel is 
5 taken off when replacing the battery 15. The side panel 
may be constructed such that it can open and dose, 
and the battery 1 5 is replaced when the side panel is 
* opened. 

[0033] The floor board 1 1 may be structured to open 
10 and close on hinges. The hinges may be provided either 
on the body frame la or on the battery hood 16. In this 
case, there is no need to use kx)lts or screws to secure 
the floor fc>oard. 

[0034] The battery case 13 may be replaced by sev- 

15 eral cases, or preferably, two cases. For example, each 
of the battery cases 13 shown in Rgs. 2 and 6 may be 
replaced by two types of cases. One case accommo- 
dates battery cells 14 in a two-by-six arrangement, and 
the other accommodates battery cells 14 in a three-by- 

20 four arrangement. Or, the battery case 13 of Fig. 5 may 
be replaced by a case that accommodates battery cells 
14 in a three-by-five arrangement and a case that 
accommodates battery cells 14 in a two-by-five 
arrangement When replacing the battery 15, the rear 

25 t>attery case is taken out first, and then the front battery 
case is taken out When taking out the front battery 
case, the case is first moved backward, then, the case 
is lifted and moved laterally. Battery installation is done 
in the reverse order. In this way. battery replacement is 

30 less likely to interfere with the equipment in the driver's 
compartment 

[0035] The hydraulic oil tank 21 may be formed by the 
body frame la and the supporting members 23. In this 
case, it is not necessary to install a hydraulic oil tank 
35 between the body frame la and the supporting mem- 
bers 23. 

[0036] The supporting members 23 can be omitted if 

the body frame la is strengthened. 

[0037] The location of the engaging portion and the 

40 catch for retaining the battery hood 16 in a closed posi- 
tion may be varied. For example, the engaging portion 
may be provided on the front vi«ll 16b of the battery 
hood 16, and the catch may be provided at a position 
corresponding to the engaging portion. The retaining 

45 mechanism may be other known types of fasteners. 
Also, engaging portions may be provided at several 
positions. Further, the battery hood 16 may be retained 
in a closed position by its weight without any retaining 
mechanism. 

50 [0038] The damper for reducing the force needed for 
evening and closing the battery hood 16 may be omit- 
' ted, and a retaining mechanism that retains the battery 
hood 16 in an open position may be provided. 
[0039] When only a small number of battery cells 14 

55 are required, for example, when the current require- 
ments are low, the battery box 7 may have a uniform 
width that is the same as the narrow portion between 
the steps 12. In this case also, the stability of the vehicle 
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is improved and getting in and out of the vehicle is facil- 
itated. 

[0040] The direction of movement of the battery hood 
may be vertical or horizontal. 

[0041] The battery 15 is not limits to a lead storage 
battery. The battery 1 5 may be other types of batteries, 
such as a sodium-sulfur battery or a zinc-bromine bat- 
tery 

[0042] Therefore, the present examples and embodi- 
ments are to be considered as illustrative and not 
restrictive and the invention is not to be limited to the 
details given herein, but may be modrfied within the 
scope and equivalence of the appended daims. 
[0043] A battery-powered forklift includes a body 
frame (la), which includes a battery box (7). The fbrWift 
includes a seat (10) for a driver and a floor t)oard (1 1) 
located below the seat for supporting the feet of the 
driver. The battery box is located below the floorboard; 
The floor board covers part of the battery box. 

Claims 

1. An industrial vehicle driven by a battery (15), the 
industrial vehicle comprising: 

a body frame having a battery box (7); 

a seat (10) for a driver, the industrial vehicle 

being characterized by 

a floor (11) for supporting the driver's feet, 
wherein the floor is below the seat, the battery 
box is below the floor, and the floor covers part 
of the battery box. 

2. The industrial vehicle according to claim 1 charac- 
terized by that the battery box has a nan-ow portion, 
which is nan'ower than the body frame, and the 
body frame has a step that is laterally adjacent to 
the narrow portion and located below the floor 

3. The industrial vehicle according to claim 2 charac- 
terized by that the floor covers the narrow portion. 



having substantially the same width as that of the 
body frame. 

7. The industrial vehicle according to claim 1 charac- 
5 terized by that the battery box is narrower than the 

body frame and is located closer to one side of the 
body frame, and a step, which is below the floor is 
located between the opposite side of the body 
frame and the battery box. 

10 

8. The industrial vehicle according to any one of 
claims 1-4 characterized by that the battery box is 
located between front wheels and rear wheels. 

IS 9. The industrial vehicle according to any one of 
claims 1 -4 further characterized by a hood that cov- 
ers a rear portion of the box and that the floor cov- 
ers a front portion of the box. 

20 10. The industrial vehicle according to claim 9 charac- 
terized by that the hood and the floor are movable 
to open the box. 

11. The industrial vehicle according to claim 9 charac- 
25 terized by that the upper surface of the hood is 

higher than that of the floor and the seat is located 
on the upper surface of the hood. 

1 2. The industrial vehicle according to claim 1 1 charac- 
30 terized by that the hood has a corner with a large- 
radius curved surface. 

13. The industrial vehicle according to any one of 
claims 1 -4 characterized by that it is a forklift. 

35 



40 



4. The industrial vehicle according to claim 1 charac- 
terized by that the battery box has a narrow portion, 
which is narrower than the body frame, wherein the 45 
body frame has a step (12) laterally adjacent each 
side of the narrow portion, and each step is located 
below the floor 



5. The industrial vehicle according to any one of so 
claims 1 -4 characterized by that the battery box is 
symmetrical with respect to a vertical plane that 
includes the longitudinal axis of the body frame. 

6. The industrial vehicle according to any one of ss 
claims 2-4 characterized by that the narrow portion 

of the battery box is located at the front of the bat- 
tery box and the battery box includes a rear portion 
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